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Abstract
This report is the executive summary of the final report of the SINPHONIE (Schools Indoor Pollution and Health:  
Observatory Network in Europe) project. SINPHONIE was funded by the European Parliament and carried out  
under a contract with theEuropean Commission’s Directorate-General for Health and Consumers (DG SANCO)  
(SANCO/2009/C4/04, contract SI2.570742).
The SINPHONIE project established a scientific/technical network to act at the EU level with the long-term perspective  
of improving air quality in schools and kindergartens, thereby reducing the risk and burden of respiratory diseases 
among children and teachers potentially due to outdoor and indoor air pollution. At the same time, the project supports 
future policy actions by formulating guidelines, recommendations and risk management options for better air quality  
and associated health effects in schools.
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 1 Introduction 
Poor indoor air quality (IAQ) has respiratory and other health-related effects. It affects 
general well-being due to the possible presence of several specific indoor pollutants with a 
variety of causes and sources. This has been reported on many occasions in the scientific 
literature and referred to in recent political declarations, air quality guidelines [1, 2] and 
overall (IAQ) management strategies [3], and by political and organisational bodies dealing 
with public health and related environmental issues. The Parma Declaration of the World 
Health Organization (WHO) Europe [4], endorsed by 53 countries in 2010, called on member 
states of the WHO Europe region to implement measurable actions in order to reach the 
targets set in the declaration The WHO Guidelines for IAQ [5] specifically state that clean air 
is a basic requirement for life. It is also emphasised that the primary aims of the WHO 
guidelines are to provide a uniform basis for the protection of public health from the adverse 
effects of exposure to indoor air pollution, and to eliminate or reduce to a minimum exposure 
to those pollutants that are known or likely to be hazardous. The guidelines are targeted at 
public health professionals involved in preventing health risks from environmental exposure, 
as well as at specialists and authorities involved in the design and use of buildings and the 
materials and products used inside them.  
The European Commission adopted the European Union (EU) Environment and Health 
Action Plan 2004–2010 [6] in June 2004 as the first cycle in the implementation of the 
European Environment and Health Strategy. The action plan was an operational document 
that set out 13 key actions for the period until 2010. Among these key actions, Action 12 
concerned the “improvement of indoor air quality”. In the context of the implementation of 
Action 12, the EU-funded project EnVIE [7] elaborated a priority strategy for IAQ 
management through source control, which, in the case of schools, meant addressing the IAQ 
issue from a number of perspectives, including school location, design and construction, 
occupation density and the management of ventilation.  
The 7th Environment Action Programme and the Clean Air Policy Package of the EC were 
developed and came into force in late 2013. These documents provide the policy framework 
for potential follow up activities of the SINPHONIE project. 
The indoor environment in schools constitutes a particular cause of concern, since 
schoolchildren are a particularly vulnerable group of the population. In Europe, more than 64 
million students and almost 4.5 million teachers spend many hours each school day inside 
pre-primary, primary and secondary schools. Children spend more time in school than in any 
other place except home. There is much evidence regarding the potential detrimental effect 
on health of a variety of indoor pollutants that can be found in school environments, either 
originating from the ambient air or produced indoors from materials, products or activities. 
The presence of pollutants in schools may also affect children’s growth, opportunities and 
learning performance, as well as their cultural and social development. An increase in the 
prevalence of bronchial asthma was documented in the last decades of the 20th century in the 
industrialised world, including Europe [8]. Asthmatic children are known to be particularly 
sensitive to the effects of poor air quality. 
 SINPHONIE Project │ Final Report, Executive Summary  3 
 
School buildings should be regarded as part of the urban infrastructure, which is influenced 
by local conditions including geography, climate, energy use, available materials, economic 
development and urban strategies. School buildings also reflect technological progress in 
terms of construction and comfort, as well as the influence of architectural models, 
construction experience and practices imported from other regions, even within Europe, 
which are not always appropriately integrated in such a way as to make them coherent with 
local values and practice. 
The SINPHONIE project established a scientific/technical network to act at the EU level with 
the long-term perspective of improving air quality in schools and kindergartens, thereby 
reducing the risk and burden of respiratory diseases among children and teachers potentially 
due to outdoor and indoor air pollution. At the same time, the project supports future policy 
actions by formulating guidelines, recommendations and risk management options for better 
air quality and associated health effects in schools. 
SINPHONIE was initiated and funded by the European Parliament. It was carried out under a 
contract with the European Commission’s Directorate-General for Health and Consumers 
(DG SANCO). The project was conceived as a challenging pilot research project in the fields 
of health and environment, targeting mainly indoor air in schools but also outdoor air in the 
school vicinity, including consideration of the impacts of traffic and climate change. The 
multidisciplinary project was designed to run for two years (2010–2012). It covered most 
European countries, including some EU accession countries, and aimed to survey schools and 
establish an observatory network in Europe on school indoor pollution and health. Besides 
the ultimate objective of improving air quality in schools and kindergartens in the long term, 
the project also paid special attention to improving overall IAQ assessment in European 
schools and to elaborating methods and procedures for undertaking wide-scale surveys and 
auditing, which are essential tools in IAQ monitoring and building assessments. Gaining an 
understanding of children’s exposure to particular indoor air pollutants and evaluating the 
associated potential health outcomes are prerequisites for providing appropriate support to 
policy making and action. 
The SINPHONIE consortium involved 38 partners from 25 countries, and one associated 
partner from Belgium. The partners contributed broad expertise in the fields of health, 
exposure, sources and IAQ-related policies, as well as some of the comfort parameters 
associated with the management of building envelopes and ventilation. Overall, 114 primary 
schools in 23 European countries participated in the environment and health monitoring and 
assessment. Exposure levels among 5,175 schoolchildren (including 264 children at pre-
schools) were assessed1. 
By capitalising on existing knowledge and sources, the SINPHONIE project attempted to 
extend the range of available information covering old and new EU member states and some 
accession countries using a comprehensive procedure. This procedure was put into operation 
after a process of training involving over 80 people in order to ensure overall quality and 
                                                 
1 It should be noted that throughout this report these numbers may differ slightly taking into account the specific 
involvement of each partner/country in a given action of the fieldwork (environment and/or health). 
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reliable results. Because of the multidisciplinary nature of the project, this was the only way 
to obtain results; guarantee the compilation of recommendations, guidelines and good 
practices for better indoor air within European school environments; and generate 
information relevant to existing and future policies. 
An analysis of the SINPHONIE results confirms that IAQ in schools is a very important issue 
and has an impact on children’s health, including respiratory problems such as asthma and 
allergies, as well as attendance and performance. The SINPHONIE results show that indoor 
air pollution in schools is complex and variable, that it can have different origins (outdoor, 
indoor) and nature (physical, chemical and biological), and that it can be caused by a variety 
of sources (such as combustion processes, building materials or components and consumer 
products). Air pollutants were found in classrooms in concentrations that in several cases 
exceeded WHO guideline values and that were thus harmful to schoolchildren’s health. 
The overall SINPHONIE results, supported by studies on the effectiveness of certain 
remedial measures, confirm that schools frequently have IAQ problems caused by poor 
building location, construction and maintenance, high occupation density, poor cleaning and 
insufficient ventilation. 
 
2 Objectives 
The overall objectives of SINPHONIE were to: (a) contribute to the better characterisation of 
IAQ in schools in the EU; (b) produce recommendations and guidelines on remedial 
measures in the school environment to cover a wide range of situations in Europe; and (c) 
disseminate these guidelines to policy makers and other stakeholders who are able to take 
action in European countries. 
In order to achieve these overall SINPHONIE objectives, the project’s technical objectives 
were to: 
• critically review and collate European (and non-European) research on the health 
effects most relevant to indoor air and the respective contaminants in the indoor air in 
schools; assess the policy relevance of the objectives and conclusions of this 
research; and identify epidemiological and toxicological research needs that are 
critical for knowledge-based policy development; 
• assess  building characteristics and patterns of everyday use in the selected 
classrooms that influence their IAQ; 
• measure physical and comfort parameters (temperature, relative humidity and 
ventilation rate) and chemical and biological pollutants in the indoor (and related 
outdoor) air in schools and childcare settings throughout Europe in order to produce 
new exposure data for an array of pollutants: formaldehyde, benzene, α-pinene and 
limonene, naphthalene, NO2, CO, CO2, radon, trichloroethylene, tetrachloroethylene, 
PAH and BaP, particulate matter (PM10 and PM2.5), allergens in dust and mould, and 
bacteria in dust and air; 
• evaluate the impact of the outdoor air surrounding the school environment, including 
the effects of transportation, traffic and climate change; 
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• assess the influence of building characteristics, cleaning products and ventilation 
systems on the exposure data obtained; 
• assess the impacts of outdoor air pollution abatement measures, including measures 
taken in the short term, on IAQ in schools and on the exposure of children in school 
environments; 
• make a systematic source apportionment of indoor air pollutants in school 
environments in quantitative terms; 
• assess the influence of mixtures of pollutants in the indoor air and the emergence of 
new pollutants caused by chemical and biochemical interactions; 
• obtain data on the health status of children via questionnaire surveys and clinical 
tests, focusing on asthma, respiratory infections, upper respiratory tract symptoms, 
coughing, wheezing, dyspnea, allergic rhinitis, bronchitis and school performance; 
• evaluate the impact of the indoor air in classrooms on children’s health and 
performance in order to define priorities for policy development; 
• evaluate the effectiveness of appropriate ventilation in reducing ambient air pollution 
in schools; 
• produce recommendations and guidelines on remedial measures in school 
environments to cover a wider array of situations in Europe; and 
• disseminate the SINPHONIE outputs and recommendations to stakeholders able to 
undertake actions on the issues highlighted by the project. 
 
3 Methodology 
As most indoor air comes directly from the ambient air [8] (the latter contributing a large 
proportion of the indoor pollution load), the SINPHONIE methodology first took into 
consideration geographical and climatic aspects and the correlated parameters regarding the 
location of school buildings and their environment (e.g. traffic levels, urbanisation, 
construction practices and building typologies). Air quality in the outdoor/indoor school 
environment and the associated health implications therefore had to be evaluated taking into 
account interregional variability in the countries participating in SINPHONIE. Four 
geographical clusters were defined within the project as a tool for organising the presentation 
and discussion of most of the SINPHONIE results (see Figure 1).  
While school buildings in many European regions rely on natural ventilation, there is a trend 
towards the installation of mechanical ventilation and correlated systems for heating and 
cooling. Such systems are often presented or proposed as essential and as a general 
requirement for every school building, although they are meaningful only if justified by the 
climate and ambient conditions. It should also be underlined that an appropriately 
implemented holistic approach to the school building issue and consequent appropriate 
design and study methodology  may even require the decoupling of functions such as heating 
or cooling and ventilation, leaving the ventilation rate to be controlled according to health-
based criteria, [10]. In accordance with the criteria laid down in the call for tenders by DG 
SANCO, the schools were selected in order to address relevant factors in the participating 
countries and therefore included urban and rural sites; different levels of outdoor air pollution 
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(green zones, areas with heavy traffic and industrial areas); different locations within the 
country (north, south, east, west), and different ventilation practices and climatic conditions. 
No restrictions were imposed in relation to construction features. The partners were required 
to choose schools that were representative of the building stock of the country in terms of 
typology, construction techniques and age.  
 
 
Figure 1. The four geographical clusters in the SINPHONIE project 
 
Following the selection and definition of appropriate tools, methods and procedures to be 
used in SINPHONIE, field studies were carried out in the selected schools in each country 
(≤6), including their vicinity, focusing specifically on three classrooms per school (including 
kindergartens). Overall, 114 schools were selected from the 23 countries for the field 
activities based on the criteria described above. In order to decide on the methodological 
approach for air monitoring in school buildings and the identification of the associated health 
effects, relevant past and concurrent projects funded by the EU and WHO were considered 
and analysed, including AIRMEX (European Indoor Air Monitoring and Exposure 
Assessment) [11]; THADE (Towards Healthy Air in Dwellings in Europe) [12]; EU-INDEX 
(Critical Appraisal of the Setting and Implementation of Indoor Exposure Limits in the 
EU)[13]; SEARCH (School Environment and Respiratory Health of Children) [14]; and 
PILOT INDOOR AIR MONIT [15]; as well as the WHO Guidelines for IAQ [16].  
SINPHONIE was more ambitious than earlier projects due to its integrated approach to health 
and environment issues related to the school environment, and due to the large number of 
parameters assessed. This justified the special efforts dedicated to the preparation of the field 
studies and campaigns in the 23 participating countries, which were preceded by well-
prepared environment and health training for over 80 scientific and technical staff at the 
European Commission’s Joint Research Centre (JRC) in Ispra, Italy. An important element in 
the SINPHONIE methodological framework was the setting up and population of the 
SINPHONIE database. The database supported the creation of the observatory network for 
Europe on school indoor pollution and health by generating significant amounts of high-
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quality data in line with the SINPHONIE objectives, while also feeding into future similar 
projects and actions to be undertaken in European countries. 
The SINPHONIE field studies started with walkthrough inspections of the selected school 
buildings, which were followed by the collection of data on school building characteristics. 
Data were collected via a school building and classroom “checklist”, which made possible the 
comprehensive description of both the school indoor environment and the school building 
itself (e.g. school building shape and orientation, distance from the main outdoor pollution 
sources, and type of construction, materials and ventilation systems used). The 
characterisation of the school environment (operation, occupants’ patterns of activity etc.), 
and of the health-related symptoms/diseases of building occupants, was obtained through 
specific questionnaires distributed to teachers, pupils and parents during the field activities in 
each of the schools examined.  
The environmental characterisation of the school buildings involved monitoring chemical, 
physical, biological and comfort parameters, while the health characterisation included health 
information reported via the questionnaires, accompanied by specific clinical tests. Health 
risk assessments were carried out focusing on inhalation exposure and health effects such as 
irritation symptoms and respiratory diseases (i.e. airway allergic reactions), and on the most 
vulnerable subjects (i.e. children). 
For the measurement campaigns, a set of methodologies and equipment was selected 
according to the relevant standards of the International Organization for Standardization 
(ISO) and the European Committee for Standardization (CEN). Equipment was acquired and 
managed taking into consideration accuracy targets, quality control requirements, and the 
reasonableness of the investments. 
The analysis of 16 chemical, physical and comfort parameters (including key priority 
compounds recognised by WHO and the European Commission) and 13 biological 
contaminants, including endotoxins (one analyte), fungal and bacterial DNA (seven analytes) 
and allergens (five analytes), made it possible to obtain an overview of IAQ in schools across 
Europe. 
In the main study, 30 different laboratories from the 23 countries were involved in the field 
campaign and the chemical analysis. Each laboratory delegated national monitoring experts 
for the JRC training in May 2011 to learn about harmonised sampling sites, sample 
collection, sample preparation and analysis. In order to obtain a SINPHONIE dataset 
reporting comparable data, the data were collected in a uniform way, with measurement 
uncertainty reduced to a minimum. SINPHONIE fieldwork and analysis guidelines were 
formulated and field and lab workers were trained.  
The protocol on the sampling of biological contaminants in schools guided the study centres 
in the actual sampling. The biological sampling was coordinated by the leaders of the 
biological study (Finland and Hungary) in cooperation with the project coordinator. Sample 
analysis was centralised at three laboratories in Finland, Hungary and Sweden. 
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4 Results 
SINPHONIE results were mainly obtained from the analysis of collected data, especially 
concerning the causal relationship between exposure and health effects. In parallel, additional 
information was obtained regarding environmental conditions and the use and management 
of the school buildings. The SINPHONIE results are described comprehensively in the Final 
Report.  
A. Exposure levels  
• The WHO-recommended guideline values for PM2.5 and radon were not respected in a 
significant proportion of the monitored classrooms. 
• 13% of all schoolchildren were exposed to PM2.5 at concentrations higher than 25 
µg/m3 (WHO ambient 24-hour mean guideline), and more than 85% at concentrations 
above 10 µg/m3 (WHO guideline value as annual mean), which are the recommended 
guideline values to limit the risk of long-term effects on cardio-vascular-respiratory 
function and lung cancer mortality. 
• 50% of schoolchildren were exposed to radon at a higher level than 100 Bq/m3 (i.e., 
the national residential reference proposed by WHO in 2010 in order to manage 
excess lifetime risk of radon-induced lung cancer), with the highest median levels in 
Central and Eastern Europe and Southern Europe. 
• About 25% of all schoolchildren were exposed to benzene at school at concentrations 
above 5 μg /m3 (Air Quality Directive 2008/50/EC), the guideline value for managing 
excess lifetime risk of leukaemia. Based on the unit risk estimations contained in the 
WHO guidelines, the benzene median exposure level is linked to a risk level of 1.3 x 
10-5, with an excess lifetime leukaemia risk of 1:76,923 in the total population 
studied, and a risk level of 2.0 x 10-5, corresponding to an excess lifetime leukaemia 
risk of 1:50,000, in schoolchildren in Central and Eastern Europe. 
• More than 60% of all children were exposed to formaldehyde at school at 
concentrations above 10 μg/m3 (the value proposed by the French Agency for 
Environmental and Occupational Health Safety, AFSSET, as a long-term indoor air 
guideline value to protect from long-term effects on lung function and excess lifetime 
cancer cases from formaldehyde), with highest median levels in countries in Central 
and Eastern Europe and Western Europe. 
• Exposure to environmental tobacco smoke can still be found in a few schools (5%). 
• The highest median levels of bio-contaminants in SINPHONIE schools and 
kindergartens were found for the larger fungal group Penicillium spp./Aspergillum 
spp./Paecilomyces spp., followed by two bacterial genera, Mycobacterium spp. and 
Streptomyces spp. Although median values were low in some cases, 50% of children 
and teachers were exposed to high levels of endotoxins and microbes. These results 
indicate that fungi common in damp buildings are more abundant than those typically 
found outdoors. There are no EC limit values or WHO guidance to compare against 
the bio-contaminant level measured in SINPHONIE schools, and national guidance 
exists in only a few countries. The real value of the study is the innovative method of 
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microbe sampling and analysis, which can be used in future microbial exposure 
assessments. 
• Levels of CO2 (mean and median) were higher than 1,000 ppm in both primary 
schools and kindergartens. Cluster 1 (Northern Europe) and Cluster 2 (Western 
Europe) presented the highest percentage of classrooms with low levels of CO2 
(<1,000 ppm), whereas Cluster 3 (Central and Eastern Europe) and Cluster 4 
(Southern Europe) had higher percentages of classrooms with CO2 levels higher than 
1,500 ppm, may reduce the quality of the learning performance of children in these 
regions. 
• The majority (86%) of values for ventilation rates were lower than the desirable value 
of 4 l/s.child, due to two factors: the high occupation density in classrooms in some 
European countries; and the inappropriate way in which ventilation rates are 
expressed (i.e. in terms of air changes per hour rather than litres per second per person 
[child]). 
• The indoor/outdoor (I/O) ratio for NO2 and ozone is <1, in contrast to most of the 
other pollutants, for which the I/O ratio is > 1 (e.g. formaldehyde and limonene). This 
highlights the importance of both the outdoor pollution surrounding the school 
building and the indoor sources inside the school building. 
• The levels of chemical air pollutants assessed in the vicinity of the schools were 
elevated due to the presence of the traffic-related air pollutants PM2.5, NO2 and ozone. 
The level of these pollutants were significantly higher in Central and Eastern and 
Southern European countries. 
• 58% of the schools were exposed to noise from busy roads. 
 
B. Health outcomes 
Several air pollutants were significantly related to the considered health outcomes in children 
and teachers Recent (<3 months) symptoms were more often related than symptoms in the 
past year or ever. 
The following health outcomes and their association with environmental exposure were 
identified: 
• Up to 1.5% of the schoolchildren had an asthma attacks in school, which represents 
nearly 100,000 cases among schoolchildren in Europe. Among them, about a third had 
asthma attacks in classrooms corresponding to 30000 cases among schoolchildren in 
Europe. 
• The prevalence of diagnosed asthma, nasal allergies and eczema among 
schoolchildren was 8%, 9% and 17% respectively. 
• Among all children, the most common recent (<3 months) health event was a blocked 
nose (47%) followed by a runny nose, feeling cold or feverish, having a headache, 
feeling tired and having a sore throat (36%).  
• Children in schools with elevated levels of chemical air pollutants are at higher risk of 
suffering from recent symptoms related to several respiratory illnesses.  
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• Multiple associations were shown in SINPHONIE between selected microbial agents 
in the indoor dust in schools and recent symptoms, past respiratory health symptoms 
and clinical measurements, indicating the relevance of microbial agents to the 
respiratory health of pupils and teachers.  
• Children with an allergic background are particularly vulnerable, meaning that 
exposure to air pollutants can trigger symptoms and diseases. 
• Tetrachloroethylene (p=0.036) and ozone (p=0.021) were significantly associated 
with a decrease in the forced expiratory volume in one second. 
• Many of the teachers had respiratory problems and almost 17% suffered from 
coughing or phlegm, 27% had suffered from a nasal allergy in their life and 9% had 
asthma diagnosed by a doctor.  
 
C. Outcome of case studies 
• A formaldehyde abatement measure was found to reduce levels of indoor 
formaldehyde with an efficiency of 79% in test chamber simulations. The simulation 
of classroom ceiling coverage with sorptive boards in a test house established an 
indoor formaldehyde reduction of 60%. 
• Emissions testing of a selection of typical classroom products underlined the varying 
degree to which these products affect IAQ in classrooms. The tested liquid paints 
were the major contributors (although temporarily) to indoor concentrations of 
volatile organic compounds. Varnished and glued chairs contributed to indoor 
concentrations of volatile organic compounds and aldehyde during the six days of 
emissions testing. 
• Both natural and mechanical ventilation may provide effective classroom ventilation, 
provided that proper occupation densities are respected in the classroom, that the work 
periods and breaks are organised appropriately, and that ventilation is well planned 
and managed. 
 
D. The most striking results overall 
The most striking results overall are those that: (a) underline the relevance of IAQ in schools 
as a societal problem with clear impacts on the health, quality of life and learning 
performance of European schoolchildren; and (b) clearly indicate that a number of values and 
rules are still not fully implemented in our society in relation to IAQ and health in schools. 
The SINPHONIE project provided evidence of the following:  
• There is a high prevalence (3.6%) of children who ever had an asthma attack at 
school  which represents about 250,000 cases among schoolchildren in Europe and a 
high prevalence of asthma attacks in the classrooms (up to 1.4%), which represents 
nearly 100,000 cases among schoolchildren in Europe.   
• IAQ in classrooms varies significantly among the schools and cities in the 23 
European countries that participated in the SINPHONIE survey depending on the 
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type, location (neighbourhood environment), age and management (including 
cleaning practices) of the school buildings. 
• Children attending schools with elevated levels of air pollutants are at greater risk of 
suffering from health symptoms affecting their respiratory system.  
• In 5% of schools, smoking is still permitted indoors, even if within a specific smoking 
area. 
• In terms of occupation density, 8% of the classrooms provide less than 1.5 m2/child, 
and 20% provide less than 2 m2/child, which represents a high potential for quite low 
ventilation rates per capita (i.e. CO2 concentrations well above 1,500 ppm) for the 
same commonly used air changes per hour, affecting children’s health and learning 
performance. 
• With respect to monitored indoor bio-contaminants, 50% of children and teachers 
were exposed to high levels of endotoxins and microbes in the current study. 
• Almost 17% of teachers suffered from coughing or phlegm, 27% had suffered from a 
nasal allergy in their life and 9% had asthma diagnosed by a doctor.  
 
Harmonised methodologies and protocols were also developed and implemented during the 
fieldwork to monitor IAQ and the health of children and teachers in schools in the large 
number of countries involved in SINPHONIE. 
 
E. Causes and sources of health effects 
During the monitoring of school building characteristics, certain parameters emerged as 
potentially relevant to IAQ-related health effects among schoolchildren. Potential causes and 
sources are highlighted below:  
• Outdoor sources: 67% of the SINPHONIE schools were located near to traffic routes 
and 45% near to industrial areas. In these schools, there was higher exposure to 
particulate matter, NO2 and benzene, according to the current study. 
• Soil: 73% of the schools were located in low-radon zones and 4% in a radon risk zone. 
However, relevant information is missing for 23% of schools. 
• Construction and building management: 61% of the SINPHONIE schools lacked wall 
insulation, 42% lacked roof insulation, 25% had air leakages and 7% presented visible 
mould growth with a certain level of biological contaminants. 
• Consumer products: 63% of the SINPHONIE classrooms had blackboards and 46% 
contained one or more computer, printer or photocopier; 69% of the furniture in the 
classrooms was wood based; and a very low percentage of classrooms had been 
constructed using certified low-emission building materials. These products can 
increase the level of exposure in the classroom and affect the respiratory health of 
children and teachers. 
• Occupants’ behaviour: 5% of the SINPHONIE schools had a room set aside for 
smokers. Classroom ventilation conditions (operating mainly during breaks) were 
poor, resulting in high levels of CO2 (in 20% of the classrooms the floor space per 
child was less than 2 m2 and 86% of the schools used natural ventilation). 
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F. Guidelines for healthy school environments in Europe  
SINPHONIE has produced guidelines for healthy school environments, which are published 
separately from this report. The translations of the guidelines are available on the 
SINPHONIE project’s website: www.sinphonie.eu. 
The guidelines are intended to be generally applicable in most school environments in 
Europe. However, as each school environment is unique (in terms of design, climatic 
conditions, operational modes, etc.), the guidance needs to be adapted at national or local 
level. Criteria for the uptake and implementation of the guidance into national policy 
measures and actions in European countries are also provided. The SINPHONIE guidelines 
are intended not to replace but rather to enrich and reinforce existing national and local 
guidance, which should continue to be the first point of reference. 
The SINPHONIE guidelines promote a cost-effective preventive approach to achieving good 
IAQ in a given school environment, as opposed to a problem-based approach that seeks to 
solve problems after they have emerged.  
The guidelines for healthy school environments in Europe are primarily directed to relevant 
policy makers at both European and national levels and to local authorities aiming to improve 
the indoor school environment in their countries while respecting the specificities 
(environmental, social, economic) of their national and local situations. A second target 
group that is expected to benefit directly from these guidelines includes school building 
designers and managers (responsible for the design, construction and renovation of school 
buildings). A third target group comprises schoolchildren and their parents, teachers and 
other school staff.   
Overall, and in the context of a pragmatic centripetal approach (from outdoors to indoors, 
from the environment to the people and from sources and causes to health effects), the 
SINPHONIE guidelines for healthy school environments in Europe underline that, in future 
strategies and policies relating to the school environment, priority should be given to 
pollution source control that takes into consideration the aspects outlined below. 
Location 
• The proper management of urban pollution, particularly from the outdoor air and its 
major sources (e.g. transportation, traffic). 
• Better control over the quality of the outdoor air that enters the school indoor 
environment by choosing “pollution-free” zones for new schools, by promoting 
compliance with the WHO guidelines for ambient air near existing schools, and by 
introducing stricter measures to improve traffic conditions in the vicinity of schools 
(e.g. within a radius of 1 km). 
• Adequate radon prevention and mitigation strategies. 
 
Building design, construction (including retrofitting) and maintenance 
• The proper design and construction of school buildings, the selection of clean 
materials for new and retrofitted schools and the integration of features related to 
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energy, indoor air and comfort requirements into a holistic assessment at both the 
school building design and post-occupational phases. 
• The elimination of moisture/mould and allergen sources in the school building. 
• An appropriate strategy for heating and, where necessary, cooling, to ensure 
satisfactory temperature, relative humidity and ventilation in classrooms. 
• An appropriate strategy for ventilation in classrooms by either natural or mechanical 
means. 
• The decoupling, as far as possible, of heating/cooling functions from the ventilation 
function. 
• The establishment of ventilation levels based on health criteria measurable in litres 
per second per person (l/s.person). 
 
Management and use  
• The definition and enforcement of maximum permitted occupation densities in 
classrooms to ensure appropriate levels of CO2 with acceptable and affordable 
ventilation rates. 
• The periodical monitoring of IAQ and health parameters in schools. 
• The establishment of a manual of procedures for the proper use and management of 
the school indoor environment, in particular IAQ. 
• The appropriate cleaning and maintenance of school buildings. 
• The selection of low-emission products for cleaning and low-emission materials for 
school activities and teaching. 
• The appropriate training of students, their parents and teachers, and the school staff 
responsible for the management, maintenance and cleaning of school buildings. 
• The development and implementation of harmonised methodologies and protocols for 
IAQ assessment at different levels of complexity and/or exigency in European 
countries. 
• A ban on environmental tobacco smoke in all school spaces. 
 
G. Communication and dissemination  
In the context of SINPHONIE, and taking advantage of the involvement of so many schools 
throughout Europe, a number of leaflets (translated into all EU languages) were produced 
containing recommendations and instructions aimed at schoolchildren, staff and parents on 
the main issues related to the operation and management of school buildings in order to 
achieve good IAQ. These were made available via the SINPHONIE project’s website 
(www.sinphonie.eu).  
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5 Conclusions 
It should be underlined that SINPHONIE, as a multidisciplinary study involving a wide array 
of parameters and actors, could not generate sufficient evidence in relation to some of its 
specific objectives to allow firm conclusions to be reached on complex topics such as the 
impacts of traffic on the indoor air or the impacts of climate change on IAQ in relation to 
health and comfort in school buildings 30 to 50 years from now. 
Nevertheless, despite the diverse fields of application and the rich variety of cultural, 
technological, climatic and social aspects, SINPHONIE achieved important results and 
elaborated harmonised and standardised methodologies, which, if fully explored and 
implemented, can be expected to contribute to a healthier school environment in Europe in 
the years to come. 
SINPHONIE favoured a holistic approach to IAQ in school environments, systematically 
linking health endpoints and environmental factors such as air pollution sources and causes, 
including consideration of the actual status of school buildings and their management. This 
helped to identify the full dimension of the issues to be addressed in order to find efficient 
solutions for improving overall air quality and health in European school environments. 
The SINPHONIE findings clearly show that Indoor Air Quality is a real problem in schools 
in many European countries. There is evidence that many schools have high levels of air 
pollutants (above the recommended guideline values in the case of PM2.5, formaldehyde, 
benzene and radon). In addition, 67% of the selected schools were located in the vicinity of a 
transportation axis; 20% of the schools were operating with occupation densities of less than 
2 m2/child; and smoking was still permitted in 5% of the monitored schools. 
Schools are critical locations as children represent a particularly susceptible segment of the 
population to certain health determinants, including those related to IAQ. However, some of 
the findings that emerged during the SINPHONIE project underline the relevance of schools 
as buildings, most of which were constructed in the 1990s or earlier. Although 60% of the 
school buildings in Europe have been retrofitted to some extent since then, they are typically 
far from healthy, and this remains a priority challenge for future policies at both EU and 
national levels. This sometimes leads to an overemphasis on the need for ventilation, heating 
or cooling, and even a failure to consider the potential impacts of climate change. 
The results of the SINPHONIE field studies indicate that, despite some significant 
differences in indoor temperatures depending on the geographical location of the school and 
on the existence of more or less adequate heating/cooling systems, the mean temperature 
values observed during the heating period were quite similar (around 20ºC), regardless of the 
region in which the buildings were located. That supports the hypothesis that in terms of the 
impact on the indoor environmental parameters of the foreseeable global warming and 
climate change, the values of those parameters may not be significantly conditioned by future 
trends of the outdoor climatic values.  
Concerning the impacts of transportation and traffic, it is clear that related pollutants such as 
PM2.5, NO2, ozone and noise influence the indoor air quality in schools, especially those 
located in the proximity of busy roads. Here, there seems to be an interplay between two 
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factors. One is related to the age and location of the school buildings in European countries, 
many of which were planned and built when the roads were less busy and promised the 
benefits of easy accessibility without taking into account potential future trends in the 
pollution burden. The second is related to urban pollution itself, which is doubtless mainly, 
but not exclusively, due to transportation and traffic. Since the issue of IAQ in school 
buildings cannot be properly addressed without taking into account the quality of the ambient 
air, it is essential that the local/national authorities managing ambient air quality in their 
urban environments maximise their efforts to ensure that the ambient air respects WHO air 
quality guidelines. 
In order to ensure the appropriate and efficient implementation of the guidelines and 
recommendations elaborated within the SINPHONIE project and aimed at healthy school 
environments in Europe, particular attention should be given to the following points: 
• Good IAQ in schools is very much dependent on the school location, as the outdoor 
air is a major source of indoor pollution. In line with other policy trends at EU and 
WHO Europe level, it is therefore necessary to emphasise how important it is for 
cities to meet WHO ambient air quality guidelines. This is the only way to ensure 
suitable IAQ in buildings, including schools. 
• School buildings should be designed taking into account advances in construction 
technologies and IAQ strategies, starting with source control through clean materials 
and construction products to the decoupling of heating/cooling functions from health-
based ventilation. Due consideration must be given to climate and geography, 
materials and culture, ensuring a holistic approach to sustainability and prioritising 
efficiency whenever time and the management of resources is at stake. 
• Priority should be given to simple but sound rules, free from technical buzzwords, 
social prejudices and cultural conditions, leading to appropriate school building 
management procedures that take into account the adequate knowledge and specificity 
of the actual building in its actual location and the proper use of resources (water, 
energy, educational materials, cleaning products, cleaning procedures) by approaching 
each school building as an actual children’s “second skin” for many hours during a 
vulnerable period of their lives. 
• Awareness-raising campaigns and trainings should be organised, aimed at children 
and their families, school staff, professionals, policy makers and the general public. 
Decision making based on technically inadequate solutions, naïve interpretations and 
interventions that are weakly linked to scientific merit and foundations is the main cause of 
poor IAQ in European schools, as highlighted by SINPHONIE. The excellent cooperation 
between the EU and WHO Europe and the follow-up to promising political declarations (such 
as Parma 2010) will only be meaningful if the consistent steps, developments and 
recommendations set out in this report are taken on board. 
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